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Summary
It remains unclear how different intracellular stores
could interact and be recruited by Ca2+-releasing mes-
sengers to generate agonist-specific Ca2+ signatures.
In addition, refilling of acidic stores such as lyso-
somes and secretory granules occurs through endo-
cytosis, but this has never been investigated with re-
gard to specific Ca2+ signatures. In pancreatic acinar
cells, acetylcholine (ACh), cholecystokinin (CCK),
and the messengers cyclic ADP-ribose (cADPR), nico-
tinic acid adenine dinucleotide phosphate (NAADP),
and inositol 1,4,5-trisphosphate (IP3) evoke repetitive
local Ca2+ spikes in the apical pole. Our work reveals
that local Ca2+ spikes evoked by different agonists
all require interaction of acid Ca2+ stores and the endo-
plasmic reticulum (ER), but in different proportions.
CCK and ACh recruit Ca2+ from lysosomes and from
zymogen granules through different mechanisms;
CCK uses NAADP and cADPR, respectively, and ACh
uses Ca2+ and IP3, respectively. Here, we provide phar-
macological evidence demonstrating that endocytosis
is crucial for the generation of repetitive local Ca2+
spikes evoked by the agonists and by NAADP and
IP3. We find that cADPR-evoked repetitive local Ca
2+
spikes are particularly dependent on the ER. We pro-
pose that multiple Ca2+-releasing messengers deter-
mine specific agonist-elicited Ca2+ signatures by con-
trolling the balance among different acidic Ca2+ stores,
endocytosis, and the ER.
*Correspondence: jose.cancela@nbcm.cnrs-gif.frResults and Discussion
Role of the ER in the Generation of Ca2+ Spikes
Recent studies indicate that agonist-evoked specific
Ca2+ signals are generated through interactions of
several intracellular receptors and their respective
Ca2+-releasing messengers such as IP3, cADPR, and
NAADP [1–7]. A two-pool acinar cell model has been
proposed, suggesting that NAADP releases Ca2+ from
lysosomes, which then sensitizes the neighboring IP3 re-
ceptors (IP3Rs) and ryanodine receptors (RyRs) located
on the ER [8]. This led to the concept of ‘‘organelle selec-
tion’’ [8], in which ACh, through IP3 and cADPR genera-
tion, would activate the IP3Rs and the RyRs of the ER;
CCK, through NAADP generation, would selectively trig-
ger Ca2+ release from lysosomes; and CCK, alternatively
acting through cADPR generation, would activate Ca2+
release from the ER [3, 8]. However, a recent report chal-
lenges that view [9]. In permeabilized acinar cells, it has
been shown that NAADP, cADPR, and IP3 release Ca
2+
from the ER and from the zymogen granules (ZG) [9].
However, the relative importance of different acidic
stores and the ER for generation of the physiologically
relevant repetitive local Ca2+ spikes was not investi-
gated because of the technical approach used. In our
study, we explore whether different sources of Ca2+
could be recruited by different agonists via different
messengers.
To determine the contribution of the ER and the sarco-
plasmic/endoplasmic reticulum Ca2+ pumps (SERCA) to
agonist-evoked Ca2+ spikes, we applied low concentra-
tions of the specific SERCA pump inhibitor thapsigargin
(Tg) to slow down the refilling of the ER during the train of
local Ca2+ spikes evoked by the agonists. Tg at 5 nM and
50 nM failed to evoke any Ca2+ spikes in five control cells
(Figure 1A), whereas 500 nM Tg evoked a few short-last-
ing Ca2+ spikes with a slow and progressive ER deple-
tion in one out of three cells tested (Figure 1F). Complete
store depletion could only be obtained by application of
a high concentration (5 mM) of Tg (n = 5). Application of
5 nM Tg on top of secretagogue-evoked responses
(CCK, 1 pM, n = 8 and ACh, 25 nM, n = 7) transformed
the local short-lasting Ca2+ spikes into global transients
of higher amplitude and longer duration (Figures 1B and
1C). In agreement with previous work, a high concentra-
tion of Tg (5 mM) emptied the ER of Ca2+ and abolished
agonist-elicited Ca2+ signals (data not shown).
To further understand the role of the ER in the gener-
ation of local Ca2+ spikes, we tested the effects of vari-
ous concentrations of Tg on messenger-evoked Ca2+
signals. Application of 5 nM Tg on top of NAADP-evoked
Ca2+ spikes did not have any noticeable effect, but
higher Tg concentrations (50 and 500 nM) were effective.
Addition of Tg increased the Ca2+ spike frequency and
produced a mixture of short-lasting and long-lasting
Ca2+ spikes (Figure 1D, left and right panels, n = 6). How-
ever, the amplitude of the Ca2+ spikes was not changed
by Tg application. Finally, complete depletion of the ER
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1932Figure 1. Effect of Low Concentrations of Tg on Secretagogue- and Messenger-Evoked Repetitive Ca2+ Spikes
We used the whole-cell configuration of the patch-clamp technique to record the Ca2+-dependent Cl- current, which was used as an index of the
cytosolic Ca2+ elevation [4]. Short-lasting Ca2+-dependent currents are known to correspond to local [Ca2+]i elevations in the secretory pole,
whereas long-lasting Ca2+-dependent currents (>15 s) are known to correspond to global [Ca2+]i elevations.
(A) Control trace showing the effects of 50 nM and 5 mM Tg application on [Ca2+]i. Application of 5 nM Tg on top of the CCK- and ACh-elicited Ca
2+
oscillations (B and C). Application of Tg at 50 and 500 nM on top of the NAADP-elicited repetitive Ca2+ spikes (D), of the IP3-elicited Ca
2+ spikes
(E), and of the cADPR-elicited Ca2+ spikes (G), with control trace showing the effects of 500 nM Tg application on [Ca2+]i (F).by 5 mM Tg abolished NAADP-evoked Ca2+ spikes
(Figure 1D, left panel, n = 8).
In agreement with a previous report, application of
50 nM Tg on top of stimulation with 2 mM IP3 increased
the Ca2+ spike frequency and produced a mixture of
short-lasting and long-lasting Ca2+ transients with nochange in amplitude [10] (Figure 1E, n = 7). In the case
of cADPR-evoked Ca2+ spikes, application of 50 nM Tg
increased the frequency of the short-lasting Ca2+ spikes
without amplitude modification (Figure 1G, n = 4). Appli-
cation of 500 nM Tg resulted in a very long and sustained
Ca2+ elevation, which lasted until full depletion of the ER
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1933Figure 2. Inhibitory Effects of Proton Pump V-ATPase Inhibitors on Secretagogue- and Messenger-Evoked Ca2+ Spikes
Ca2+ measurements were performed on Fluo-4 AM-loaded cells with a Leica TCS SP2 RS confocal microscope.
(A–D) Bafilomycin A1 and Concanamycin A at 150 nM abolished ACh- and CCK-induced Ca2+ spikes.
(E and F) Bafilomycin A1 at 150 nM abolished IP3- and NAADP-evoked Ca
2+ spikes.
(G) cADPR-evoked Ca2+ spikes were not abolished by bafilomycin A1 at 150 nM.Ca2+ store (Figure 1G, n = 3). cADPR is a modulator of
Ca2+-induced Ca2+ release and may therefore act to-
gether with Tg to trigger a massive Ca2+ response. In-
deed, Tg increases the amplitude of the Ca2+ spiking
evoked by ACh and CCK (Figures 1B and 1C), suggest-
ing that they and cADPR share a common mechanism,
possibly through RyR sensitization.
Role of Acidic Ca2+ Stores in Ca2+-Spike Generation
To investigate the role of acidic compartments in ago-
nist-evoked Ca2+ spikes, we tested the effects of the
V-ATPase inhibitors bafilomycin A1 and concanamycin
A. V-ATPase inhibitors do not deplete acidic stores of
Ca2+ because they are not leaky [11, 12] but do prevent
refilling of these stores during agonist stimulation.Short-lasting Ca2+ spikes evoked by 25–100 nM ACh
were inhibited by both 150 nM bafilomycin A1 (Figure 2A,
n = 3) and 150 nM concanamycin A (Figure 2C, n = 3).
Ca2+ oscillations evoked by 5–50 pM CCK were also in-
hibited by both 150 nM bafilomycin A1 (Figure 2B, n = 3)
and 150 nM concanamycin A (Figure 2D, n = 3).
We then examined whether IP3, cADPR, or NAADP
required acidic stores to generate local Ca2+ spikes.
IP3-induced spikes were inhibited by bafilomycin A1
(Figure 2E, n = 5). This indicates that, in addition to the
ER [10], an acidic Ca2+ store is required for IP3-elicited
Ca2+ spikes. In contrast to Tg, bafilomycin A1 did not
modulate the frequency or the duration of the IP3-
evoked spikes but stopped abruptly the Ca2+ spiking.
This suggests that acidic compartments could be a trig-
ger Ca2+ source, whereas the ER is more suited for fine
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Similar data were obtained with NAADP-evoked Ca2+
spikes, which were inhibited abruptly by bafilomycin
A1 (Figure 2F, n = 4). These results do not indicate which
organelle type is involved. They are consistent not only
with lysosomes being the NAADP-responsive Ca2+ store
[8, 11, 13] but also with ZGs possibly being involved as
well [9]. Surprisingly, the local Ca2+ spikes evoked by
cADPR were not inhibited by bafilomycin A1 (Figure 2G,
n = 4). In stark contrast to what was observed with the
two other messengers, bafilomycin A1 transformed the
short-lasting Ca2+ spikes into a massive Ca2+ response
(Figure 2G, n = 3/4). Because bafilomycin A1 alters the
cADPR response, an acidic store would seem to play
a role somehow, but, clearly, the massive Ca2+ signal
must come from the ER.
Role of Lysosomes in Ca2+-Spike Generation
Lysosomes were stained by the dye LysoTracker Red
and displayed a punctuate staining situated mainly in
the apical pole of the cells [8] (Figure 3A). Lysosomes
were specifically disrupted by application of Gly-Phe-
b-naphtylamide (GPN) [14].
Exocytosis of lysosomes in response to cytosolic
[Ca2+] ([Ca2+]i) increases is a regulated mechanism [15].
We checked whether GPN could empty the ER of Ca2+.
After application of 200 mM GPN, subsequent addition
of 3 mM Tg still evoked a normal large [Ca2+]i increase
comparable to that of control cells (Figure 3B, n = 3). Af-
ter Tg application, further treatment of cells with GPN
failed to release Ca2+ (Figure 3C, n = 4), indicating loss
of lysosomes. We tested the effect of ER depletion on
lysosome distribution by simultaneously recording Ly-
soTracker Red fluorescence and [Ca2+]i changes (Fig-
ure 3D, n = 3). Tg (5 mM) elicited a rapid ER Ca2+ release,
immediately followed by a decrease of LysoTracker Red
fluorescence. Similar results were observed with the
application of the Ca2+ ionophore ionomycin instead of
Tg (data not shown, 10 mM ionomycin, n = 3).
Our data suggest that GPN at 200 mM rather than
50 mM would be best able to quickly and completely de-
plete the lysosomal Ca2+ store (see Figures S1A and S1B
in the Supplemental Data available online). Application
of 200 mM GPN evoked a transient [Ca2+]i increase
and abolished the effects of both 5 pM CCK (Figure 3E,
n = 9) and 25 nM ACh (Figure 3F, n = 6), indicating that
lysosomes are required for both CCK and ACh actions.
Potentially, the cathepsins released by lysosome lysis
or present in the ZGs could indirectly inhibit the ago-
nist-elicited Ca2+ signals. To rule out such a possibility,
we used the cathespin inhibitor-1 (CI1), which does not
inhibit the lysosomal cathepsin C required for GPN hy-
drolysis but blocks cathepsins B, L, and S. Treatment
of cells with 200 mM GPN and CI1 still resulted in a tran-
sient [Ca2+]i increase (Figure S1D, n = 4), and application
of GPN and CI1 at 10 mM on top of ACh- and CCK-eli-
cited Ca2+ oscillations again resulted in abolition of the
agonist-elicited responses, thus confirming the speci-
ficity of the GPN effect (Figures 3G and 3H, n = 4).
Application of GPN in the presence or absence of ex-
ternal Ca2+ did not abolish the IP3-evoked Ca
2+ spikes
(Figure 4A, n = 4 and Figure 4B, n = 5), but the complete
inhibition of the IP3 response by bafilomycin A1 (Fig-
ure 2E) may indicate that IP3 releases Ca
2+ from anotheracidic compartment without any requirement for the
lysosomal Ca2+ store. The ZGs could be important be-
cause they are very abundant in the secretory pole [9].
However, the ACh response is blocked by GPN, and
this suggests that ACh recruits the lysosomal store
in an IP3-independent manner. The simplest explanation
is that ACh, like Tg, uses Ca2+ to recruit lysosomal Ca2+.
In the case of cADPR, lysosome disruption mostly
caused large and long-lasting responses (Figure 4C,
n = 3), indicating that the Ca2+ signals had become
global. Because of intrapipette EGTA perfusion, GPN
itself did not evoke detectable Ca2+ signals in the
patch-clamp recordings (Figures S1G and S1H). How-
ever, the data here suggest that a small but undetect-
able amount of Ca2+ may have been released from lyso-
somes and thus sensitized the RyRs of the ER because
the responses (Figure 4C) were very similar to those
evoked by Tg during cADPR-evoked Ca2+ spiking
(Figure 1G). Similar results were obtained in the absence
of extracellular Ca2+, indicating no involvement of extra-
cellular Ca2+ in these observations (Figure 4D, n = 8).
Clearly, the vast majority of Ca2+ comes from a nonacidic
store, namely the ER.
Application of GPN on top of NAADP stimulation did
not inhibit Ca2+ spiking but rather transformed the re-
sponse into a massive [Ca2+]i increase (Figure 4E, n =
6/8). Removal of extracellular Ca2+ during GPN applica-
tion had no immediate effect on the large [Ca2+]i
increase, indicating that Ca2+ entry through the plasma
membrane is an unlikely cause (Figure 4E, n = 5). We
then removed Ca2+ prior to GPN application (Figure 4F).
The NAADP-elicited Ca2+ release was not directly de-
pendent on external Ca2+ because removal of extracel-
lular Ca2+ did not prevent the initial part of the further
NAADP response (Figure 4F). However, the very large
subsequent Ca2+ rise evoked by GPN in the normal pres-
ence of external Ca2+ did not occur in its absence
(Figure 4F, n = 5/7). Altogether, these data not only indi-
cate that NAADP-evoked Ca2+ spikes depend on lyso-
somes but also reveal that Ca2+ entry is stimulated by
NAADP. This Ca2+ entry is only seen when lysosomes
are disrupted, suggesting that this compartment is
the end receiver of the entering Ca2+. Because of the
requirement for preincubation in an externally Ca2+-
free solution, this Ca2+ entry is unlikely to be due to
the opening of classical plasma membrane Ca2+ chan-
nels but could be related to endocytosis, a slower
process, which is a well-known source of Ca2+ for
lysosomes [16, 17].
Role of Endocytosis in Ca2+-Spike Generation
We have therefore investigated the possible role of
endocytosis in agonist-evoked Ca2+ spikes. We used
cytochalasin D, which inhibits endocytosis by depoly-
merizing actin filaments without blocking capacitative
Ca2+ entry [18–20].
The Ca2+ spikes evoked by both 25 nM ACh and 50 pM
CCK were inhibited by 20 and 30 mM cytochalasin D (Fig-
ures 4G and 4H, n = 3; see also Figure S2). In a similar
way, the local Ca2+ spikes evoked by both IP3 and
NAADP were inhibited by cytochalasin D (Figures 4I
and 4J, n = 3). Because NAADP mobilizes Ca2+ from
a source dependent on external Ca2+ for its refilling
and because cytochalasin D completely blocks the
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1935Figure 3. Effects of Lysosome Disruption by GPN and its Relation to the ER Ca2+ Store
(A) Confocal and transmitted light images indicating the distribution of LysoTracker Red staining in pancreatic acinar cells (the scale bar repre-
sents 10 mm).
(B) 200 mM GPN induced a transient increase of [Ca2+]I, and Tg at 3 mM was applied thereafter eliciting further release.
(C) Ca2+ depletion of the ER by Tg prevents GPN from releasing Ca2+.
(D) Simultaneous recordings of [Ca2+]i change (upper trace) and LysoTracker Red fluorescence (lower trace).
(E and F) GPN 200 mM abolished both the CCK- and ACh-evoked Ca2+ spikes.
(G and H) Application of GPN 200 mM in the presence of 10 mM cathepsin inhibitor 1 (CI1) inhibited both CCK- and ACh-induced Ca2+ spikes.
Current Biology
1936Figure 4. Selective Inhibitory Effect of GPN on NAADP-Evoked Ca2+ Spikes Reveals Another NAADP-Sensitive Store
(A and B) GPN did not abolish IP3-evoked Ca
2+ spikes in the presence or absence of 1 mM extracellular Ca2+.
(C and D) GPN application amplified the response to 10 mM cADPR.
(E) In the presence of 1 mM extracellular Ca2+, the 50 nM NAADP response was amplified by 200 mM GPN.
(F) Prior removal of external Ca2+ before GPN application resulted in abolition of a major part of the NAADP response.
(G and H) Cytochalasin D at 20–30 mM abolished ACh- and CCK-induced Ca2+ spikes.
(I and J) Intracellular perfusion of IP3 at 10 mM or NAADP at 50 nM evoked repetitive Ca
2+ spikes that were inhibited by cytochalasin D at 30 mM.NAADP response, this source is most likely the endo-
some. It is clear that the endosome-lysosome cycle
provides part of the Ca2+ entry into the cell and depends
on external Ca2+ and vesicle acidification [15–17]. It
would therefore appear that exocytosis of lysosomes
would be accompanied by the complete recycling ofthe NAADP receptor. Consequently, NAADP receptors
may be present on endosomes (Figure S2D).
We have no evidence for IP3 releasing Ca
2+ from en-
dosomes, but in view of the spatial localization of IP3-
evoked Ca2+ spikes, the acidic store involved is likely
to be the ZGs [9]. Our data indicate that perturbation
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1937of the ZG exocytosis-endocytosis cycle affects IP3-
evoked Ca2+ signals possibly by impairing the refilling
of the acidic Ca2+ stores. It is unlikely that the more ba-
sally located Golgi apparatus is involved because it is in-
sensitive to bafilomycin A1 [9, 21].
The concept emerging from our work is that multiple
Ca2+-releasing messengers determine specific ago-
nist-elicited Ca2+ signatures by controlling the balance
among different acidic Ca2+ stores, endocytosis, and
the ER. We have also found that both CCK and ACh re-
cruit lysosomal Ca2+ through different mechanisms, via
NAADP for CCK and most likely via Ca2+ for ACh. The
acidic stores are recruited by different pathways, i.e.,
NAADP and Ca2+ recruit the lysosomes, whereas IP3
and cADPR recruit the ZG. Importantly, we provide the
first pharmacological evidence demonstrating that en-
docytosis is crucial for the generation of repetitive local
Ca2+ spikes evoked by agonists and by NAADP and IP3.
Once initiated, the Ca2+ oscillations are maintained by
the ER, a common oscillatory unit that tunes the fre-
quency, amplitude, duration, and spatial spreading of
the Ca2+ oscillations; here, cADPR plays the major role.
Supplemental Data
Supplemental Data include two figures and can be found with this
article online at http://www.current-biology.com/cgi/content/full/
16/19/1931/DC1/.
Acknowledgments
This work was supported by an Action The´matique et Incitative sur
Programme grant to J.-M.C. from the Centre National de la Re-
cherche Scientifique, by the Association pour la Recherche sur le
Cancer, by Fondation de la Recherche Me´dicale, and by the Associ-
ation Franc¸aise contre les Myopathies A.M. was supported by an
Association Franc¸aise contre les Myopathies fellowship. We thank
Nathalie Cheviron for technical assistance. We thank N. Burdakova
for technical support. O.H.P. is a Medical Research Council Re-
search Professor and is supported by a Medical Research Council
Programme Grant.
Received: May 18, 2006
Revised: July 11, 2006
Accepted: July 25, 2006
Published: October 9, 2006
References
1. Lee, H.C. (2004). Multiplicity of Ca2+ messengers and Ca2+
stores: A perspective from cyclic ADP-ribose and NAADP.
Curr. Mol. Med. 4, 227–237.
2. Cancela, J.M., Churchill, G.C., and Galione, A. (1999). Coordina-
tion of agonist-induced Ca2+-signalling patterns by NAADP in
pancreatic acinar cells. Nature 398, 74–76.
3. Yamasaki, M., Thomas, J.M., Churchill, G.C., Garnham, C.,
Lewis, A.M., Cancela, J.M., Patel, S., and Galione, A. (2005).
Role of NAADP and cADPR in the induction and maintenance
of agonist-evoked Ca2+ spiking in mouse pancreatic acinar
cells. Curr. Biol. 15, 874–878.
4. Cancela, J.M., Van Coppenolle, F., Galione, A., Tepikin, A.V., and
Petersen, O.H. (2002). Transformation of local Ca2+ spikes to
global Ca2+ transients: The combinatorial roles of multiple
Ca2+ releasing messengers. EMBO J. 21, 909–919.
5. Bootman, M.D., Berridge, M.J., and Roderick, H.L. (2002). Cal-
cium signalling: More messengers, more channels, more com-
plexity. Curr. Biol. 12, R563–R565.
6. Bezin, S., Charpentier, G., Fossier, P., and Cancela, J.M. (2006).
The Ca(2+)-releasing messenger NAADP, a new player in the
nervous system. J. Physiol. Paris 99, 111–118.7. Galione, A., and Petersen, O.H. (2005). The NAADP receptor:
New receptors or new regulation? Mol. Interv. 5, 73–79.
8. Yamasaki, M., Masgrau, R., Morgan, A.J., Churchill, G.C., Patel,
S., Ashcroft, S.J., and Galione, A. (2004). Organelle selection de-
termines agonist-specific Ca2+ signals in pancreatic acinar and
beta cells. J. Biol. Chem. 279, 7234–7240.
9. Gerasimenko, J.V., Sherwood, M., Tepikin, A.V., Petersen, O.H.,
and Gerasimenko, O.V. (2006). NAADP, cADPR and IP3 all re-
lease Ca2+ from the endoplasmic reticulum and an acidic store
in the secretory granule area. J. Cell Sci. 119, 226–238.
10. Petersen, C.C., Petersen, O.H., and Berridge, M.J. (1993). The
role of endoplasmic reticulum calcium pumps during cytosolic
calcium spiking in pancreatic acinar cells. J. Biol. Chem. 268,
22262–22264.
11. Churchill, G.C., Okada, Y., Thomas, J.M., Genazzani, A.A., Patel,
S., and Galione, A. (2002). NAADP mobilizes Ca(2+) from reserve
granules, lysosome-related organelles, in sea urchin eggs. Cell
111, 703–708.
12. Rizzuto, R., and Pozzan, T. (2006). Microdomains of intracellular
Ca2+: Molecular determinants and functional consequences.
Physiol. Rev. 86, 369–408.
13. Billington, R.A., Bellomo, E.A., Floriddia, E.M., Erriquez, J., Dis-
tasi, C., and Genazzani, A.A. (2006). A transport mechanism for
NAADP in a rat basophilic cell line. FASEB J. 20, 521–523.
14. Berg, T.O., Stromhaug, E., Lovdal, T., Seglen, O., and Berg, T.
(1994). Use of glycyl-L-phenylalanine 2-naphthylamide, a lyso-
some-disrupting cathepsin C substrate, to distinguish between
lysosomes and prelysosomal endocytic vacuoles. Biochem. J.
300, 229–236.
15. McNeil, P.L. (2002). Repairing a torn cell surface: Make way,
lysosomes to the rescue. J. Cell Sci. 115, 873–879.
16. Gerasimenko, J.V., Tepikin, A.V., Petersen, O.H., and Gerasi-
menko, O.V. (1998). Calcium uptake via endocytosis with rapid
release from acidifying endosomes. Curr. Biol. 8, 1335–1338.
17. Gerasimenko, J.V., Gerasimenko, O.V., and Petersen, O.H.
(2001). Membrane repair: Ca(2+)-elicited lysosomal exocytosis.
Curr. Biol. 11, R971–R974.
18. Freedman, S.D., Katz, M.H., Parker, E.M., and Gelrud, A. (1999).
Endocytosis at the apical plasma membrane of pancreatic aci-
nar cells is regulated by tyrosine kinases. Am. J. Physiol. 276,
C306–C311.
19. Patterson, R.L., van Rossum, D.B., and Gill, D.L. (1999). Store-
operated Ca2+ entry: Evidence for a secretion-like coupling
model. Cell 98, 487–499.
20. Parekh, A.B., and Putney, J.W., Jr. (2005). Store-operated cal-
cium channels. Physiol. Rev. 85, 757–810.
21. Dolman, N.J., Gerasimenko, J.V., Gerasimenko, O.V., Voronina,
S.G., Petersen, O.H., and Tepikin, A.V. (2005). Stable Golgi-mito-
chondria complexes and formation of Golgi Ca(2+) gradients in
pancreatic acinar cells. J. Biol. Chem. 280, 15794–15799.
